The effect of molecular flexibility on biological activity was described for soft (e.g. hGH peptides) and hard molecules (e.g. biscoclaurine-type alkaloids). These molecules had a macrocyclic structure during molecular mechanics analysis, and the minimum essential unit, which affects insulin-involved fatty acid synthesis, was observed. The flexibility of the molecular center is concerning with biological activity through the diversification of structural feature, and compared with two types of molecules which have a rigid (haloacetylcarbamoyl-2-nitroimidazole analogs: chiral-TXs) or flexible (bis-quaternary ammonium compounds: bis-QACs) molecular center. Center flexibility reflected the conformation occurrence in TXs and bis-QACs. A parameter (solvation-free energy: dGW), which reflects structural hydrophobicity, was shown, and applied to the molecular design of brefeldin A analog. This hydrophobic index was very useful, and was used for conformational analysis of chiralTXs and bis-QACs. In molecular dynamics analysis of cholesterol-dependent cytolysin (e.g. storeptolysin O) and -independent cytolysin (e.g. intermedilysin), whole molecules moved like a bow and different conformations were shown in every moment. In such situations, the membrane-associated 11mer region in these cytolysins were flexible and could always interact with extramolecular factors (e.g. membrane constitution).
INTRODUCTION
A biological active compound does not take a fixed structure in various environments, but the structure changes flexibly. The structure activity relationship based on the conformation and dynamic structure about various low molecular compounds, peptides, and proteins has been analyzed and discussed. In one molecule or more which interact with each other, flexibility is a very important concept for molecular analysis and design. The description of the factor which governs conformation and its flexibility is reserved for other reports.
In this review, some examples of flexibility analysis are introduced as follows: 1) In the characterization of a drug molecule, the degree of hydrophobicity is a useful parameter. [1] [2] [3] A simple method to obtain the stereo-hydrophobic parameter (solvation-free energy), which reflects the three dimensional molecular structure, was introduced with nitrophenol derivative permeation across the skin, and the application of this parameter to the brefeldin A analog design was shown 4, 5) ; 2) The molecular features of membrane-associated compounds, which have a flexible structure (e.g. human growth hormone (hGH)-derived peptides), were introduced. The hGH peptides fluctuate, and macrocyclic conformation is observed during molecular mechanics analysis. 6) This macrocyclic region is essential for insulin-involved fatty acid synthesis in rat white adipocyte; 3) The structure of biscoclaurine-type alkaloids (e.g. cepharanthine, tetrandrine, isotetrandrine), which have a rigid structure and a membrane-stabilizing effect, were analyzed and their structures compared with hGH peptides. These alkaloid molecules have a macrocyclic structure, and their structure is strictly maintained during conformational analysis 7) ; 4) The relationships between structural features and the biological activity both of chiral-including compounds (e.g. haloacetylcarbamoyl-2-nitroimidazole analogs: chiral-TXs) and bridge-linked compounds (e.g. 4,4Ј-(a ,w -polymethylenedithio)bis(1-alkylpyridinium iodide)s:
4DTBP-m,n), which have a rigid or a flexible molecular center, were discussed 8, 9) ; 5) Cell lytic protein, such as cholesterol-dependent (e.g. storeptolysin O) or -independent cytolysins (e.g. intermedilysin), associate with the cell membrane and cause cell disruption. These cytolysins have an 11mer membrane-associated region, and the molecular features of these 11mer portion were reported. 10, 11) The 11mer-including domain in cholesterol-independent intermedilysin has no cytolytic activity toward various cells and is significant useful for cell surface modification tools or clinical applicable cell-targeting modules. 12) 
STRUCTURE-RELATED HYDROPHOBICITY: PER-MEABILITY AND HYDROPHOBICITY OF NITROPHE-NOLS
We analyzed the molecular structure-permeability relationships of mono (o-, m-, p-) and di (2,4-, 2,5-, 2,6-) nitrophenols across the newborn rat abdominal epidermis. These compounds are of approximately equal molecular weight (Mr 139.1-184.1), and as such, the difference of the molecular sieve effect caused by these compounds can be ignored. The permeable rates (A) of nitrophenols are compared in Table  1 . 4) In general, drug permeability is concerning with its hydrophobicity. Solvation-free energy (dGW) is one of the parameter for hydrophobicity, and a lower dGW value means higher hydrophobicity. The dGW value can easily be determined using MOPAC (dGWϭheat formation energy (HE) in waterϪHE in vacuum). 13, 14) The dGW reflects the structural feature and is useful as a index for hydrophobicity. The relationship between permeability pA (Ϫlog(permeation rate A)) and hydrophobicity logP(octanol/water) of nitrophenols is shown as Eq. 1 pAϭ9.0420(Ϯ1.7607)Ϫ1.1827(Ϯ1.0243) logP rϭ0.8293 (1) where r are the correlation coefficient. The values in the parentheses are 95% confidence intervals. Thus dGW is applicable to chemical compound analysis under various conditions. Brefeldin A (BFA) is a 16-membered macrolide antibiotics (Fig. 1) .
5) The 4-epi-BFA is one of the derivatives of BFA, and it has an epimerized 4-hydroxyl group. BFA (dGWϭ Ϫ73.0502 kJ) may be more hydrophobic than 4-epi-BFA (dGWϭϪ70.7732 kJ) although the two compounds gave the same calculated partition coefficients (logPϭ1.61Ϯ0.40), which are commonly used as hydrophobicity parameters in drug design and development (Table 2) . 15) This fact suggested that dGW, in this case, is more reasonable than logP as a parameter of hydrophobicity, because dGW values reflected the steric effect of a molecule on its hydrophobicity. Indeed different biological activities was observed by 4-epimerization of BFA. After treatment with 50 mM of 4-epi-BFA, HCT116 cells showed membrane-bound apoptotic bodies, a hallmark of he usual apoptotic morphological change, whereas the concentration of BFA showing similar morphological changes was 0.36 mM. In addition, in the analysis of DNA fragmentation by agarose gel electrophoresis, nucleosomal ladder formation (DNA ladder formation) was observed clearly with treatment of 70 mM of 4-epi-BFA, a much higher concentration than BFA (0.11 mM).
5)
2. STRUCTURE OF MEMBRANE-ASSOCIATED PEP-TIDES: SOFT STRUCTURE b-Agonistic drugs (e.g., epinephrine and isoproterenol) stimulate triglyceride lipolysis in white adipose cells, and various b-agonistic drugs were designed and synthesized. [16] [17] [18] [19] [20] [21] Insulin effectively counteracts this b-agonist-stimulated activity. In rat white adipocytes, the stimulatory effect of isoproterenol on lipolysis was antagonized by insulin. 22) Human growth hormone (hGH) N-terminal peptide (e.g. hGH [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] :
) enhanced insulin-producing hypoglycemia and insulin binding to hepatic plasma membranes (Table 3) . 23) The hGH peptide, which consists of 6 amino acids (hGH [8] [9] [10] [11] [12] [13] 
, dose-dependently enhanced insulin-involved fatty acid synthesis and decreased fatty acid synthesis in rat white adipocytes, and the hGH peptide (hGH [8] [9] [10] [11] [12] [13] ) did not affect fatty acid synthesis without insulin. The hGH [6] [7] [8] [9] [10] [11] [12] [13] , hGH [7] [8] [9] [10] [11] [12] [13] , and hGH [8] [9] [10] [11] [12] [13] peptides, which were derived from hGH [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , enhanced the insulin effect on adipocytes as well as hGH [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
23)
The peptides of hGH [6] [7] [8] [9] [10] , hGH 9-13 and hGH [10] [11] [12] [13] did not enhance the insulin effect. Based on the crystallographic geometry of hGH and its receptor complex, the amino-terminal region of hGH heavy chain contacts the receptor protein. 24) Figure 2A shows the three-dimensional structure of hGH [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , which was determined by the global minimum (GM) search using CONFLEX (Fujitsu Inc., Japan). The 8th-arginyl residue formed an ionic bond to the 11th-aspartic residue, and this intramolecular interaction made a macrocyclic structure comprised of a tetrapeptide, R 8 -L (bold line). A macrocyclic structure was always found in the fragments of hGH [6] [7] [8] [9] [10] [11] [12] [13] , hGH [7] [8] [9] [10] [11] [12] [13] , and hGH [8] [9] [10] [11] [12] [13] by GM search (Figs. 1B-D) in the same way as with hGH [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , and these fragments produced insulin action (Table 3 ). In hexapeptide hGH [8] [9] [10] [11] [12] [13] , the length between guanidyl carbon of 8th-Arg and the carboxylic carbon of 11th-Asp was 3.1 angstrom. The hGH [6] [7] [8] [9] [10] , hGH 9-13 and hGH 10-13 never form a macrocyclic structure (Figs. 3A-C), and these peptides had no effect on insulin-producing hypoglycemia (Table 3) . Although a macrocyclic structure was observed in bAla 13 hGH [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] (Fig. 3D) , in which the 13th-alanine was replaced by a beta-alanyl residue, it had no effect on insulin action. Comparing the conformation of b-Ala (Fig. 4A) , while hGH 1-15 energy gradually decreased to an equivalent state (Fig. 4B ). This suggests that -N 12 -A 13 ) (30 mM) had no effect on insulin action, and the Km value was similar to the control. From these facts, hGH [8] [9] [10] [11] [12] [13] is an essential unit for insulin-involved fatty acid synthesis in white adipocytes.
In general, cellular metabolic changes induced by hormones have been evidenced to accompany the modifications of cell membranes. [25] [26] [27] [28] [29] In insulin action, the alterations of molecular organizations in cell membranes are expected to closely relate to their metabolic regulations of cells. The hGH [8] [9] [10] [11] [12] [13] 
6) When C 6 -NBD-PC micelles were incubated at 37°C in 0.1 M Tris-HCl buffer (pH 7.4), NBD molecules spontaneously released by the hydrolysis of phosphatidylcholine and fluorescent intensity increased at the rate with 0.515 arbitrary unit per min (data not shown). 6) In the presence of 10 mM hGH [8] [9] [10] [11] [12] [13] , the C 6 -NBD-PC model membrane was stabilized and the rate of hydrolysis (fluorescent increment) fell to 0.272 arbitrary unit per min. Indeed, hGH [8] [9] [10] [11] [12] [13] dose-dependently suppressed NBD liberation from C 6 -NBD-PC micelles induced by phospholipase A 2 (2.97ϫ10 Ϫ6 M, at pH 8.3, in the presence of 20 mM CaCl 2 ) (data not shown). Ten micromolars of hGH [9] [10] [11] [12] [13] did not stabilize the C 6 -NBD-PC model membrane, and the hydrolysis rate was almost unchanged to the control value (0.463 arbitrary unit per min). From this fact, the macrocyclic structure in hGH [8] [9] [10] [11] [12] [13] seems responsible for the promotion of insulin Peptides (40 mM) were administered intravenously 5 min before insulin injection (0.10 U/kg body weight). Blood samples for glucose analysis were taken 30 and 60 min after insulin injection, and reduced glucose concentration was determined. Isolated hepatic plasma membranes were preincubated with or without hGH peptides (40 mM) in 50 mM Tris-HCl (pH 7.5) containing 0.5% bovine serum albumin for 15 min at 25°C, and resuspended in the buffer containing [ 
0.911
In the presence of hGH [8] [9] [10] [11] [12] [13] or hGH 9-13 peptide, Km values were examined. 6) action via modification of the membrane condition. In glucose metabolism, the uptake of glucose and its phosphorylation are major cellular responses to insulin. In mammalian cells, four isoforms of glucose transporter (GLUT1-4) are known to facilitate the uptake of glucose through the plasma membranes. [30] [31] [32] [33] [34] In addition, the first step of the sequential reactions in glucose metabolism are catalyzed by four isozymes of hexokinase (HK I-IV). 35, 36) In the previous reports, the mRNA expression of HK isozymes and GLUT isoforms was examined with 100 nM of insulin, and the enhancement of HK I, II expression and GLUT 1, 4 translation with insulin was reported. [37] [38] [39] [40] [41] [42] Insulin-involved fatty acid synthesis was enhanced by hGH [8] [9] [10] [11] [12] [13] with 10 Ϫ11 M-order of insulin, 6) but the expression of HK I, HK II isozymes and GLUT 1, GLUT 4 isoforms was not affected by hGH [8] [9] [10] [11] [12] [13] with insulin (1.22ϫ10 Ϫ11 M) in white adipocytes. The modification of insulin action by hGH 8-13 peptide should not be mediated by HK I, II and GLUT 1, 4 isoforms. In rat tissues, the signals of HK III and GLUT 3 were weakly detected only in the brain, and the expression of HK IV and GLUT 2 were observed only in liver. 43) It appears that HK III, IV and GLUT 2, 3 are not concerned with insulin action at 10 Ϫ11 M in rat white adipocytes. Indeed, no bands of HK III, IV isozymes and GLUT 2, 3 isoforms in rat white adipocytes were detected in the presence of insulin and hGH [8] [9] [10] [11] [12] [13] . 6) 
STRUCTURE OF MEMBRANE-ASSOCIATED COM-POUNDS: HARD STRUCTURE
Non-insulin-dependent diabetes mellitus (NIDDM) is a common metabolic disease. It is generally accepted that insulin resistance plays an important role in the pathogenesis of NIDDM. 44) Insulin resistance is a term used when a given concentration of insulin does not elicit a normal biological response. NIDDM is a disease classically associated with insulin resistance, but insulin resistance also occurs in other common conditions, including obesity, aging, polycystic ovarian syndrome, hypertension, hyperinsulinemia, dyslipidemia and cardiovascular disease. [45] [46] [47] Thus insulin resistance is a complex, multifactorial result of a variety of genetic, cellular and environmental causes. [45] [46] [47] In insulin resistance, alterations of the cell membrane state lead to metabolic changes in target cells.
Some membrane-acting agents affect membrane state (e.g. stability, fluidity) in vitro. A biscoclaurine alkaloid (e.g. cepharanthine, tetrandrine, isotetrandrine) from Stephania cepharantha (Fig. 5) , 48) is known an agent that stabilizes the cell membrane by affecting the fluidity of lipid bilayer and causes metabolic changes in several types of cells. [49] [50] [51] Car- bobenzoxy-D-Phe-L-Phe-Gly (z-FFG) stabilizes lipid bilayers by raising the bilayer-to hexagonal-phase transition temperature of synthetic phosphatidylethanolamines, 52) and inhibits insulin-activated glucose uptake in adipocytes. 53) As described above section; In rat white adipocytes, the stimulatory effect of isoproterenol on lipolysis was antagonized by insulin. The addition of cepharanthine (1.5 mM), tetrandrine (1.5 mM) or isotetrandrine (1.5 mM), shifted the insulin-response curve of isoproterenol-induced lipolysis to a lower insulin concentration and enhanced the maximum response elicited by the hormone. When 15 mM of these alkaloids was added, insulin action was markedly enhanced and fatty acid synthesis decreased. We determined the dissociation constant (Km) of the insulin receptor complex. The effects of biscoclaurine alkaloids on the Km value are summarized in Table  5 . In the presence of these alkaloids, the affinity of insulin to white adipocytes increased. The order of enhancement was cepharanthineϾtetrandrineϾisotetrandrine. The affinity with cepharanthine (15 mM) was 23.7-fold greater than the control as well as insulin-potentiating fragment hGH [8] [9] [10] [11] [12] [13] (30 mM).
6)
In contrast, z-FFG (1.5 mM) suppressed the insulin action, and fatty acid synthesis increased. At 15 mM, z-FFG significantly suppressed insulin action, and the amount of synthesized fatty acid was almost unchanged until 1.97ϫ10 Ϫ10 M of insulin existed, and the affinity of insulin to adipose cells decreased 0.2-fold (Table 5 ). In the absence of insulin, these alkaloids and z-FFG did not affect b-agonist-induced fattyacid synthesis in rat white adipocytes. When 1.22ϫ10 Ϫ11 M of insulin coexisted, these alkaloids promoted insulin action and suppressed fatty acid synthesis dose-dependently. In contrast, z-FFG dose-dependently repressed the insulin effect and increased the fatty acid synthesis. 7) Figure 6 shows the calculated three-dimensional structures of membrane-acting agents, as determined by global minimum search using CONFLEX. The direction of view was arranged according to the dipole moments (e.g., cepharanthine: 3.678 debye, gray arrow), which were calculated using MOPAC. Cepharanthine (a) had an elliptic structure (broken arrow), with major and minor axes of 7.816 and 4.175 angstrom, respectively, therefore its ellipticity (major/minor axis) was 1.872. Tetrandrine (b) and isotetrandrine (c) also had an elliptic structure, and an ellipticity of 1.846 and 1.264, respectively. Thus, the order of ellipticity was cepharanthineϾtetrandrineϾisotetrandrine, and the accelerative efficiency in insulin-involved fatty acid synthesis agreed with this ranking. These elliptic structures were observed in hGH [8] [9] [10] [11] [12] [13] peptide (Fig. 2). 6)
The value of the dipole moments of z-FFG (d) was almost equal to that of tetrandrine, at 4.675 debye. Along the dipole moment, negative and positive electrostatic potential fields were reciprocally distributed in three alkaloids (cepharanthine, tetrandrine, isotetrandrine), with negative fields located at both ends (data not shown).
7) The distribution of the potential field in z-FFG was markedly different from those in alkaloids, and a negative or a positive field was located at each end of the axis of the dipole moment.
In the presence of 10 mM cepharanthine, tetrandrine, isotetrandrine, the C 6 -NBD-PC model membrane was stabilized and the rate of hydrolysis fell to 0.212, 0.289 and 0.360 arbitrary units per min (control 0.515), respectively. 7) Ten micromolar z-FFG did not stabilize the model membrane, and the rate of hydrolysis was almost unchanged from the control value (0.525 arbitrary units per min). In the presence of 10 mM hGH [8] [9] [10] [11] [12] [13] , the C 6 -NBD-PC model membrane was stabilized and the rate of hydrolysis fell to 0.272 arbitrary units per min as with cepharanthine. Ten micromolar hGH 9-13 did not stabilize the membrane, and the rate of hydrolysis was almost unchanged relative to the control (0.463 arbitrary units per min).
These alkaloids and hGH [8] [9] [10] [11] [12] [13] have a common feature in dynamic structures (i.e. macrocyclic structure). In adipocytes, cepharanthine, z-FFG, and hGH [8] [9] [10] [11] [12] [13] did not affect the transcription of HKI, HKII, GLUT1, GLUT4, which are major factors in cellular insulin-involved glucose metabolism, and mRNA level of these enzymes was unchanged. 6, 7) From the stabilization effect of cepharanthine, tetrandrine, isotetrandrine, hGH 8-13 on a C 6 -NBD-PC model membrane, the susceptibility to hormones (e.g. insulin) of a cell should change through modification of the membranous state (stability, fluidity), and it was thought that the effect of a medicine was stimulated or suppressed by these membrane-associated compounds. Thus, it is thought that the activity of hormones can be controlled by the membrane-associated compound, and this concept will lead to effective use of the medicine for diabetes or other diseases. These alkaloids have a hard (rigid) structure, while hGH [8] [9] [10] [11] [12] [13] to have a soft (flexible) structure. A conformer, which takes membrane-associated active conformation, indicates biological activity.
ROLE OF RIGID AND FLEXIBLE CENTER ON BIO-LOGICAL ACTIVITY: CHIRAL AND BRIDGE STRUC-TURE TO A MOLECULE DESIGN
Angiogenesis is an important factor for tumor growth and metastasis, therefore it is an exciting target for cancer treatment. Tumor-related angiogenesis has various steps, and many factors, such as vascular endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF), platelet-derived growth factor (PDGF), insulin-like growth factor (IGF), methionine aminopeptidase-2 (MetAP-2), urokinasetype plasminogen activator (uPA), are concerned with the angiogenic steps. [54] [55] [56] Various anti-angiogenic compounds, which target several related growth factor receptors such as VEGF, bFGF, and PDGF receptors, have been examined. Some of these agents are now in clinical trials as anti-angiogenic drugs. [57] [58] [59] In this section, molecular design and synthesis of several 2-nitroimidazole analogs are reported. [60] [61] [62] [63] [64] [65] [66] [67] [68] Haloacetylcarbamoyl-2-nitroimidazole analogs have a chiral center, and show antiangiogenetic activity. 8) Methyl including TXs, TX-1863, -1878, -1866, -1879, inhibited angiogenesis (80-100%) at 100 mg/pellet (Fig. 7) . Ten micrograms per pellet of t-butyl including TXs, TX-1880, -1881, -1882, -1883, indicated 53-77% inhibition to angiogenesis. The p-t-butylphenyl including chloroacetylcarbamoyl-2-nitroimidazole TXs, TX-1897, -1899, have anti-angiogenic activity (58-64%) at 10 mg/pellet. As for TX-1898 (R-enantiomer) and TX-1900 (S-enantiomer), anti-angiogenesis (TX-1898: 93%, TX-1900: 82%) was checked by chick embryo chorioallantoic membranes (CAM) assay (both 5 mg/pellet) (Fig. 7) . In conformation analysis, 584 (Ϫ5.77-3.65 kcal/mol) and 652 (Ϫ7.48-2.77 kcal/mol) conformers of TX-1898 and -1900 were obtained, and nine samples were extracted from these conformers to determine the solvation-free energy (dGW) profile (Fig. 8) . TX-1898 and -1900 indicated only one minimum dGW point, and it was thought that one conformer group existed which is rich in hydrophobicity, and seems to have high reactivity to chick embryo chorioallantoic membrane. Dihedral angles between two planes (atom No. 1-2-3 and No. 2-3-4 in Fig. 7 ) of TX-1898 and -1900 were monitored during molecular dynamics (MD) simulation, and the angles of TX-1898 and -1900 are nearly Ϫ100 and ϩ100 degree, respectively (Fig. 9) . MD simulation of the modeled TX (TX-1898_mod), which had no chiral center: R 1 O group instead of H in TX-1898 molecule, was performed as well as TX-1898. The average total energy was 62.21 kcal/mol (TX-Vol. 30, No. 6 1898_mod), significantly lower than that of TX-1898 (128.12 kcal/mol). 8) It is considered that the chiral center requires a certain amount of energy for structure maintenance, and it organizes biological activity. In TNP-470, which are the anti-angiogenic agent used clinically, [69] [70] [71] [72] both dihedral angles (definition of atoms 1-2-3-4 or I-II-III-IV in Fig. 7 ) are nearly ϩ100 degrees (S-enantiomer like), 8) and the structure is maintained strictly. Indeed, the energy of TNP-470 (218.03-235.02 kcal/mol) during conformation analysis was significantly higher than that of TX-1898 (Ϫ5.77-3.65 kcal/mol) and -1900 (Ϫ7.48-2.77 kcal/mol) (Fig. 8) . Thus, high energy is required for the structural maintenance of TNP-470. In conformation analysis of TNP-470, 175 conformers were obtained, and two minimum dGW points were shown in dGW profile analysis as well as TX-1898 and TX-1900 (Fig. 8) . It was thought that two hydrophobic groups existed, and these two conformer groups seemed to have high reactivity to hydrophobic molecules. TNP-470 covalently binds to methionine aminopeptidase-2 (MetAP-2) through reaction of His 231 with the ring epoxide of TNP-470. 73, 74) Thus, the molecular center of TNP-470 should hold its structure strictly as well as chiral-TXs. A series of bridge-linked antibacterial bis-quaternary ammonium compounds (bis-QACs) were synthesized and their bactericidal mechanism studied. 9) bis-QACs consisted of two identical alkylprydinium rings and a bridge structure linking the rings to each other. Four types of bis-QACs, which have an amide-, anti-amide-, ester-or thioether-type bridge, were designed and their bactericidal activity examined. Human normal epidermal keratinocytes from neonatal foreskin (NHEK(F)) were the most susceptible to all bis-QACs, although the susceptibility to bis-QACs of the other three cell types (normal skin fibroblast cell line (NB1RGB), erythrocyte, JM (a model for the lymphocytes)) tested varied for each bis-QAC. (ATCC27583, ATCC10145, IFO3080) ) mM) was the same degree as the LD 50 in NHEK(F), erythrocyte, JM; thus, a cytotoxic effect was feared. The MIC to P. aeruginosa ATCC27583 (80 mM) of 4DOCBP-6,12 was higher than the LD 50 value in four types of human cells (11-52 mM); there- fore, this compound was not useful. 4DTBP-6,8 had a lower MIC range (Ͻ0.2 (B. subtilis IFO3134)-10.0 (P. mirabilis IFO3849) mM) than LD 50 in NB1RGB (48 mM), erythrocyte (25 mM), JM (50 mM), and was most useful among the tested compounds. Surprisingly, the MIC of benzalkonium chloride (Bz) was 4.2-205 mM, and the range was higher than the LD 50 in all human cells (19-74 mM) , the worst in this regard among the compounds tested.
In conformational analysis of these bis-QACs, the bridge structure should affect the flexibility and biological activity. 9) The structural features of the bridge region were examined using model bridge molecules (Fig. 10 ). An energy jump was observed with three types of model bridge molecules, amide, anti-amide-, and ester-type bridge including models (arrows in Fig. 10 ). The heat formation energy of the thioether-type model gradually increased from 16.27-18.58 kcal/mol, and this molecule should have a flexible bridge portion. In conformation analysis of 4DTBP-6,8 (mϭ6, nϭ8 in Fig.10 , 4DTBP-m,n: 4,4Ј-(a,w-polymethylenedithio)bis(1-alkylpyridinium iodide)s), bridge portion moved flexibly and 1125 conformers were obtained.
9) The dGW profile of 4DTBP-6,8 conformers were investigated as well as chiral-TXs, and two minimum points were observed (Fig. 11) . A suitable conformer is required to interact with target molecules. It will be important to consider the dynamic structure of a compound itself and a target molecule.
In other bis-QACs, 5DEBT-4,8 (anti-ester-type bridge including bis-QAC: 5,5Ј-[2,2Ј-(tetramethylenedicarbonyldioxy)diethyl]bis(3-octyl-4-methylthiazolium iodide)) has a flexible bridge, and dynamically moved during molecular dynamics (MD) analysis. 75 ) MD analysis of 5DEBT-4,8 during 500 ps was performed, and the total energy (total energyϭ kinetic energyϩpotential energy) profile was obtained. The average total energy during the simulation time was 197.9 kcal/mol, and the energy change essentially originated from the movement at one bridge portion and two alkyl chains. 5DEBT-4,8 indicates two minimum dGW points in conformation analysis as well as 4DTBP-6,8. The LD 50 values (erythrocytes: 97Ϯ6 mM, NB1RGB: 111Ϯ 20 mM) of 5DEBT-4,8 were significantly larger than the MIC (7.9 mM) and minimum bactericidal concentration (MBC) (25.1 mM) values. Thus, 5DEBT-4,8 is expected to have low cytotoxicity and to be a useful disinfectant. MD analysis of other 5DEBT-4,n derivatives was performed, and total energies (averages) was determined to be 220. The average of 4DTBP-6,8 total energy in MD simulation was 288.5 kcal/mol. The average 4DTBP-X,8 (4,4Ј-(p-xylydithio)bis(1-octylpyridinium iodide)) was determined to be 304.5 kcal/mol. In these 4DTBP-derivatives, MD energy change was also concerned with movement both at the bridge portion and alkyl chains as well as with 5DEBT-4,8.
75) The MD energy of 4BCAP-P,8 (N,NЈ-(phenylene)bis(1-octyl-4-carbamoylpyridinium iodide)) was calculated to be 314.3 kcal/mol; this was higher than that of 4BCAP-4,8 (N,NЈ-tetramethylenebis(1-octyl-4-carbamoylpyridinlum iodide)) (290.6 kcal/mol) which has a C 8 H 17 -alkyl chain instead of a C 12 H 25 chain in 4BCAP-4,12 (340.4 kcal/mol). The average energies of 4DCABP-4,8 (4,4Ј-(tetramethylenedicarbonyldiamino)bis(1-octylpyridinium iodide)) and 4DCABP-P,8 (4,4Ј-(phenylenedicarbonyldiamino)bis(1-octylpyridinium iodide)) was 218.0 and 320.4 kcal/mol, respectively. Total MD energy of these bis-QACs was then increased by benzene ring introduction to the bridge portion. 
MOLECULAR DYNAMICS OF MEMBRANE-AS-SOCIATED PROTEIN: CHOLESTEROL-DEPENDENT, -INDEPENDENT CYTOLYSIN
It is thought that protein always fluctuates and causes structural change under biological conditions. The investigation of three-dimensional features of protein dynamics should reveal a biologically useful structure (lead structure) for drug design. Here, the relationship between structural change and biological activity of cytolysins, which are secreted from bacteria and cause cell lysis, is considered. Fig. 12 ) located near the C-terminus, and that the region is important for activity and CHL binding as determined in experiments using point mutants and chemical modifications. [81] [82] [83] The cell lysis of CDCs is suppressed by CHL addition to the reaction mixture. Recently, a humanspecific cytolysin, intermedilysin (ILY), which is secreted from a strain of S. intermedius originally isolated from a human liver abscess, was reported. 84, 85) ILY has different characteristics such as low affinity to CHL and human specificity. ILY has a unique sequence (G 485 ATGLAWEPWR 495 , Fig. 12 ) corresponding to the undecapeptide (11mer) region of CDCs. 86, 87) From molecular modeling and biological assay, ILY and CDC molecules have four domains (domain 1-4), 10) and domain 4 is concerned with the membrane binding.
88) The dipole moment of PFO was calculated as 12.499 debye directed to the outer side of the molecule (type C in Fig. 13 ). On the other hand, the dipole moment (1.731 debye) of ILY was significantly smaller than that of PFO and the direction faced to the intramolecular site crowded with other amino acid residues (type A). Pyolysin (Clostridium tetani; PLO) has a unique 11mer region (E 491 ATGLAWD-PWW 501 ). Although a discrepancy was found in the affinity of PLO to CHL in the literature, 89, 90) these substitutions in PLO are similar to those found in ILY and strongly suggest a lower affinity for PLO to CHL than other CDCs. Its dipole moment (2.522 debye) was smaller than that of PFO but directed to the outer side (type B in Fig. 13 ). PLO was considered to have intermediate characteristics between CDCs and ILY.
ILY and CDC molecules were long and rod-shaped, and their molecular movement was simulated, 10, 11) moving like a bow during molecular dynamics (MD) simulations (500 ps). In both ILY and CDCs, a 12mer region (one amino acid (ILY: L, CDC: R)ϩ11mer region (Fig. 12) ) always generated the dipole moment in a fixed direction during molecular movement (Fig. 14) .
11) Thus, a membrane-binding region always should be able to interact with extramolecular factors (membrane cholesterol or other component). When the 11mer amino acid sequence was changed from the ILY type to the CDC type, cytolysin came to be influenced by cholesterol and a change appeared in human specificity, and the dipole moment also changed to the CDC type. 11) In human erythrocyte, 3-acetyl cholesterol did not suppress hemolysis of CDCs. The 3-hydroxyl group in cholesterol molecule is important for interaction between cholesterol and the CDC 11mer region, the 11mer region recognizes a hydroxyl group and the cell lysis process seems to advance. Nearly 11mer regions, the non-binding energy of SLO (CDC) and ILY to Dipole moment of CDCs (PFO, PLY, LLO, SLO, ALV, SLY) was 7.485-12.499 debye, and it directed to outer side of them (Type C). In ILY 11mer region, dipole moment was only 1.731 debye, and directed to crowded site by other amino acid residues (Type A). In PLO, the moment was 2.522 debye, and directed to outer side (Type B).
Fig. 14. Dipole Direction during MD Analysis of Cytolysins
Dipole moments at the minimum energy points were calculated using MOPAC.
11)
The molecular center (initial point of dipole) of the 12mer amino acid region was indicated at xyz-matrix (x,y,z)ϭ(0,0,0). A: ILY, B: SLO. The vector length shows moment strength.
cholesterol was estimated as 3.175 and Ϫ2.603 kcal/mol, respectively. Thus, the reactivity toward cholesterol should be different between cholesterol-dependent cytolysin (e.g. SLO) and -independent cytolysin (e.g. ILY) ( Table 6 ).
11) Non-binding energy changed by amino acid substitution in the 11mer region, which was changed from the ILY type to the CDC type. Hemolysis of the ILY mutant, which has the CDC-type 11mer amino acid sequence, was suppressed by cholesterol addition. From coordinate data of the membrane-binding domain (domain 4) of these cytolysins, the molecular surface was visualized as a Connolly solvent surface to compare their structure, especially in undecapeptide (11mer) regions. In CDCs (PFO, PLY, LLO, SLO, ALV, SLY) the 11mer region formed a convex surface at the Trp residue. 10) In ILY and PLO, the regions formed a concave surface by the substitution of Pro to Trp. Thus, their structural feature were different in membrane-associated regions.
Cell targeting systems such as bispecific antibodies, including bispecific single-chain Fv antibodies against tumorassociated antigens and linker antigens present on the effector cell surface, have been examined. 91, 92) In these systems, production of linker molecules is laborious; time-consuming gene recombination is necessary for the preparation of every bispecific antibody, and there are problems regarding the stability of linked molecule activity and the damage induced by the introduction of an expression vector. Therefore, the development of more convenient and universal methods for modifying cell membrane function is necessary for efficient anticancer immunotherapy. ILY domain 4 is known to be a cell membrane-binding domain with no cell lytic activity. 88) Domain 4 recombinants of ILY with linker sites at the N-terminus were designed. These modules are able to bind tightly to human cells after simple incubation and have no harmful effects. The modules were conjugated with partially reduced or unreduced F(abЈ) 2 of an anti-carcinoembryonic antigen monoclonal antibody. Erythrocytes bound to these conjugates were shown to specifically target a carcinoembryonic antigen-positive cell line, TT, in vitro. 12) This is promising technique for the development of convenient and effective anticancer treatment methods.
CONCLUSIONS AND PERSPECTIVES
In this review, a dGW was introduced as a convenient parameter to estimate molecular stereo-hydrophobicity, and the applied examination was shown in molecular design of brefeldin A (BFA) and its analogue 4-epi-BFA. The structural analysis of soft hGH peptides (e.g. hGH [8] [9] [10] [11] [12] [13] ) and hard biscoclaurine alkaloids (e.g. cepharanthine) was described, and indicated different structures, but they took common macrocyclic structure in molecular mechanics (MM) analysis. These dynamic macrocyclic structure affect insulin-involved fatty acid synthesis through modification of the cell membrane. Chiral-TXs and bis-QACs have a different molecular center in flexibility, and partial flexibility at the chiral center or bridge portion is an important factor for structural features and biological activities. Cytolysins (e.g. SLO, ILY) move like a bow during MD analysis, and their 11mer regions can always interact with cell membrane. The 11mer regions of these cytolysins were independent of molecular motion, and this shows the flexibility of a cytolysin molecule.
Thus, the membrane-binding ILY domain 4 is contained in the flexible 11mer region, and it should be useful for application to human cell-specific targeting modules. The development of ILY domain 4 involved human cell-specific targeting module is currently underway. Recently, the relationship between the risk of chronic obstructive pulmonary disease (COPD) and the Gc protein allele type, such as Gc*1F, Gc*1S, Gc*2, had been reported. [93] [94] [95] [96] [97] Gc*1F increased the COPD risk, while Gc*2 suppressed the risk. Thus, the allele type of Gc protein is an important factor in COPD. These Gc proteins differ in sugar composition at Thr 418 or Thr
420
. The structure of these Gc proteins has been analyzed and the relationship between sugar constitution and anti-COPD activity discussed. 98) In recent years, various biological active factors, such as low molecule organic compounds, peptides, and proteins have been identified, and their structures determined. Even if difference in the three-dimensional structure are observed, such as the type of functional group, amino acid sequence or existence of oligosaccharide, it seems meaningless because each molecule fluctuates dynamically and the structure changes each moment. In the analysis of biological active factors, it is necessary to consider their flexible structural features. In the analysis of molecular interaction between the target compound and external factors (e.g. cell membrane, receptor, other compound), verification of the dynamic structural features of these molecules is indispensable. It is therefore significant to determine the minimum essential active unit and to consider the lead structure for drug design. There are hard and soft molecules in nature, and it is necessary to search for dynamic structures based on flexibility. Natural products have an intelligent structure. Useful molecules can be designed if the structural essence is discerned and applied to a drug design. The aim is to grasp the biological active structure dynamically, regardless of peptides, proteins, and low molecules.
